FAMILIAL AGGREGATION OF FRACTURES:
A PILOT STDY

SARAH JOAN CURTIS



Familial Aggregation of Fractures: A Pilot Study

By

©Sarah Joan Curtis

Athesi of ios in parti

the requirements for the degree of Master of Science

(Clinical Epidemiology)

Faculty of Modicine

Memorial University of Newfoundland

April 2011

St John's Newfoundiand and Labrador












\
\
:
‘ ABSTRACT

y are a sign
have readily
pediatic fractures.
:
‘ Objectives: To investigate familial, envi i complex influences on

fracture sk in children.

history of fracture

al 220~

0036), X 3 s mothe or both pare

1.5 timesas likely

o have firs-degree elatives burden was

environmental influences on fracture risk.

Conclusi

hildhood fractures. Expl

“This association

1 and behavioral




ACKNOWLEDGEMENTS

thank my supervisor Dr. Proton Rahman f

pect ofthis sudy. pe

jger and Dr. Patick

wriing process. Yvonne Tobin, Sarah Mathicson and Samra Mian were very generous

Whey Kooh,

Robert G Josse, Celia Rodd and Nancy Genge for their early review and comments on the

1 L. Thanks to Ben

maters.

Lam thankful to my husband, Robert Evans, or his good humor, encouragement

i

because ofhis support

1 ™ by

the Janeway 1 i

partcipation of patients who consented o partake of the study



TABLE OF CONTENTS
STRACT.
LIST OF TABLE:
LISTOF Fi
LISTOF
LIST OF APPENDICES
HAPTER 8
Chapter 1:1 ]
Chapter 1:2 9
Chapter 1:3 10
Chapter L4 1
Chapter L5 o 1
Chapter 1:6 18
Chapter 1.7 o
Chapter 1.8
for 3
Chapter 1:9 3
Chapter 1:10 s
Chapter 1:11
Chapter 1:12
Chapter 22 30
Chapter 23 Data handli 3 ‘
pler 3 |
Chapter 32 3
apter 33 Tabl ¥
Chapter 3:1 pt
Chapter 4:1 b 0
Chapter 42
Chapter 43 ‘
Chapter
7 3
Chapter 45
factors for
Chapter 46
Chapter 47
Chapter 48 50
Chapter 49y h, 0
REFERENCE: '
APPENDICE i




TABLES

‘Table 3-1. Bascline characterstcs for cases and conirols
‘Table 3-2. Cases fracture stes:; number (%)
‘Table 3-3. Risk fuctor comparisons for cases and controls
‘Table 3-4. Cases comparisons grls vs. boys

Table 3-5. Prevalence of

‘Table 3-6. 0ds atios for fracture based on parental history of racture
‘Table 3-7. Prevalence of fractures i family members. (Fracture burden in cach

roup)

FIGURES

Figure 3-1. Overview of enrollment, methods and results

Figure 3-2. Proportion of parents with fractures for cases vs. controls
Figure 3-3. Proportion of family members with fractures for cases vs. controls

Figure 3-4.

fractures)



LIST OF ABBREVIATIONS

BMD

Bone Mincral Density
Odds Ratio

Risk Ratio
Randomized Controlled Trial
Confidence Interval
Deoxyribonueleic Acid
Hypothalamic-Piuitary-Adrenal
Parathyroid Hormone.

Bone Mineral Content

Growth Hormone.

Estrogen Receptor

Pediatic Emergency Department

Monozygoic

Dirygotic

Atenton Deficit Hyperacivity Disorder
Yioshrome P450



LIST OF APPE

Appendix A
Appendix B
Appendix C
Appendix D

DICES

Case/Cantrol Report Form
Parent Report Form
Force of Fracture Scale

Consent Form



CHAPTER 1: General Introduction



Chapter 1:1 Background: Rationale and relevance to child health

inall
Jai follow- up is
expensive.
long-
e “The question
benefit from early focused
preventative inerventions.
Chapter 1:2
Most sport with
001 10:25% of all pediatrc:
boys and 27-40
(Landin 1983; Tiderius et al 1999; Jones et al 2002; Cooper et al 2004),

Inchildhood, 2 et 200

are the most common (25-35% of all fractures) (Cheng, & Shen 1993; Cooper et al 2004;
Khosla et al 2003) and peak ot age 10-12 years n girls and 13- 15 years in boys, the periods for

peak height velociy for both sexes (Cooper et al 2004; Landin 1983; Rauch et al 2001; Tiderius

ctal 1999), . clavicle and

humerus (Cheng, & Shen 1993; Landin 1983; Landin 1997). Fractures of the hand bones are

(Cheng, & Shen 1993).




skeleton and

force, discase pr etal 2004; Tiderus etal

1999), i (Taeset

broader bones (Skages et al 2001; Taes et al 2010)

h her

1993; Landin 1983; Landin 1997). The pubertal growth spurt resuls in a transient deficit in bone.

bone. new

bone for minerals,
eshaping of the distal metaphyses (Bass et al 1999; Fournier et al 1997; Magarey ctal 1999;
Matkovic 1996; Rauch et al 2001). Boys may suffer more fractures because of more high risk

taking behaviors and higher peak growth rates than girs.

z

bone fracture per event (Cheng, & Shen 1993). Overal, fracture incidence rates are inereasing,

(Cheng, & Shen 1993). Similar increases in other countries may signal th influence of
environmental rather than genetic factors (Brudvik, & Hove 2003; Hagino et al 2000; Lyons et
al1999),

Chapter 1:3 Early development influences fracture risk
sed




latern life (Lucas 1991; Lucas 2005). In

metabolism; physiology and physical build of the offspring (Bateson 2001; Bateson 2007; Lucas

2005). Periods of plasicty, consisting of senitive interactions between the genome and the

He:

vitamin (Cooper et al 200

Vulherable 0 a sub-optimal environment (Cooper et al 2005).

Growth d life may for

lifespan. i radient, with

o i (Cooper etal 2005). This

by low fetal

fetal circulation secondary to maternal PTH. By 24 weeks, 66% of otal body calcium,

fll P

gentic 1 .

(Cooper etal 2005). Ina cohort of 216 children, reduced whole body BMC at 9 years of age was

lower matemal 25- D,

heigh, lower preconcept inlate

pregnancy, history of smoking and lower income (Javaid ct al 2006).




1997; Der 1200:

predictors of basal GH. It

the sensitivity of

 cortisol, reducing peak (Dennison
etal 2005; Fall etal 1998). = bo
poor nutiton,

caffeine and diabetes (Godfrey et al 2001).

Growth ates in childhood have been linked with rsk of ip fractue i later lfe. From a

cohort of 7000 men and deu

ofhip il maternal height,low

short length atbirth (Cooper et al 2001). It was also observed that even though fracture subjects

growthof

age? ‘

fuence isk of ip fracture lterin

lie.

Chaptor 1:4 Variations in bone mass, strength and structure influence fracture
risk




years of age,

bor fac, Jated 007; Bachrach

20073; Bachrach 2007b; Seeman 2002; Kalkuwarf et al 2007). Afte the mid-hiries, bone mass

P po

‘peak bone mass

and the rate at which bone i lost (Black tal 2002; Fuchs, & Snow 2002; Fuchs ctal 2001;
Kalkwarf et al 2003; Heaney, & Weaver 2005; Matkovie 1996; Lucas 1991; Ma, & Jones 2004;

‘Wyshak 2000; Clark et al 2008b).

architectural propertis of bone. The disribution paterns of bone mass, o just s quanti

important in predicing whole bone stength (Goldstin et a 1993; Keider, & Goldstein 2009).

(Seeman 1997)
documented (Goulding et al 1998; Goulding et al 2000; McCreadic, & Goldsiin 2000; Nguyen,

& is complex

interactions of i 1

cels, the abilty (o epai micro-cracks, the crysta sze and shape and the structure of the bone

proteins. The ft cells, vasculat
distinet enti
age (Kreider, &
Goldstein 2009,
il

(Brandi 2009). S



force on bos (Burr 1997),

ethniciy. . appes but

studied.

‘bone. Decreases in

factors (Nguyen, & E

2000). Unfortunately,

Inf i

(McCreadi

1997; 5 002). Thus ifvaritions in BMD and

fraci bone.

indeed b significant.

Low BMD significantly increases ractureris in adults (McCreadie, & Goldsein 2000;

Seeman

peat ons i 1998; Goulding et al 2001;

Ma, & Jones 2004). G

and found that

1998).




. -

total body weig!

» i 94-13in

those having more two or more oftheserisk factors (Goulding t al 2000). The isk of new

. didnot
have i
nutiion or actviy.
F 5 years and
8 frac ) skeltal BMC and vertbesl
2006,
fractues might
Furth
“Tis may

tivity level imilar between family

fractures (those caused by minor rauma) (Lunt et al 1997; Marshall et al 1996). The

. ‘bone density

1996).

H adults, BMD alone can

1%




fracture (McCreadic, & Goldstein 2000).

(Bootetal 20068; Clark et

12006b; Flynn et al 2007; Michalus <t al 2008),

2009) As children

begun 10 address this issue in part (Gordon et al 2008; Kalkwarf et al 2007). Pediatric bone is

bone @Rauchetal
5 12009)
o L
" i 12009, Furthermore,
" "
eticty (Bianchietal
ilden. i body sie, bone
keleal i Hormones

during growih, further compound diffcultes with interprettion of pediatric BMD (Bogunavie

i i 2010,




Chapter 1:5 Fracture at a young age or prior fracture is a predictor of future
fracture

Ahisory of pr . One

pivoal
risk facto for future fractures that i independent of BMD (Goulding et al 2000). Goulding, ina

il

fractures o age
age and sex, hazard ratios for further facture were 1.90 (95% C1 151 - 239) afer fist fracture

and 3,04 (95% C12.23 - 415) after a second fracture (Goulding et a 2005).

Based on observed associations between early childhood fractures with lter childhood

fract

propensity igher risk of repeat

childhood (Yeh et al 2006; Tiderius et al 1999; Landin 1983; Jones et al 2002; Goulding et al

2000; Goulding et al 2005; Goulding et al 2005; Cooper et al 2004). Landin’s study of 1§

important risk factors for future fracture (Landin 1983; Landin 1997). Yeh demonstrated that of

. fracturebeore
Fiy persentof 2 heore
anly (Vehetal
2006
" 10years) bt

higher rates of fracture than those who sustained fractures later (Goulding et al 2005). These




vulnerable adolescent growth spurt.

Alterately or play.

Currenty,
further examination of this topic is warranted.

Chapter 1:6 Role of trauma and biomechanics

In simple there must

strength and force on the bone (Currey 2005; Brandi 2009; MeCreadic, & Goldstein 2000).

pact. For example, bones

will break more easily when subjected totorque than compression (McCreadie, & Goldstein

2000,
™ Davidson eal

Mot chid play orspo
withfess than 3

meters (Clark et al 2008a; Clark et al 2008b; Hagino et al 2000; Landin 1983; Landin 1997;

Rauch etal 2001).

assess and quantify and th literatur on this topc is minimal.



ferof the geometry of the bone, s

(McCreadie, & Goldstein 2000). The force applied o the bone is influenced by padding

fa), urrey 2005;
Davidson et al 2003; Silva 2007).

forces
1 10 weight. The ‘mechanostat”
hich optimal
1982; Skerry 2006).
magnitude i H
stain stimulus, i ite (Skerry 2006).
than by loads imposed by extra fat mass.
Obesiy, of fractures

(Davidson et al 2003; Goulding et al 2000; Goulding et a1 2001; Goulding et al 2005; Skages et

a12001).

from
incres fall (Currey 2003; Davidson et al 2003;
Goulding et al 1998; G G 001; Gouldi High

p i for fracture
(Goulding et al 2000), igh




@ h
000; Ptit et l 2005). v
i
ding et 1 2002 y
ricosterid level et al 2002; Helerius et al
2006).
Chapter 1:7 Environmental influences on fracture risk
devel girs
increase sk and cal
2005), Vitamin D insufficiency, &
has beer

associated with low bone density in children (Cooper et al 2005; Ferrar t al 199%; Javaid et al
2006; Mahon et al 2009) however thelin to childhood fractures has ot yet been studied.

Vitamin ion during i e 1 femmur and

radius by age 7 (Zamora et al 1999). A meta- analysis of RCT 10 assessthe effectiveness of

these fractures (Bergman et al 2010; Bischoft-Ferrar ct al 2009)

shorter, 3-fold g ageand




sexcmatched controls (Black et al 2002; Henderson, & Hayes 1994 Infante, & Tormo 2000;

Jensen et al 2004; Rockell et al 2005; Stallings 1997). Young adults who avoided milk during

Jess th

hildhood had

once per wee

(Di Stefuno et al 2002; Kalkwasf et al 2003; Kanis et al 2005). Interestngly children who have

Choice of nutrient poor

A

& Jones 2004; 003; Tucker et al 2006;

Whiting et al 2004; Wyshak 2000).

0: low

bone massin such patients (Grinspoon et al 2000; Sayka ct l 1999).

X 1 2 bone mass atllsites

Duwyer 1998). increased
. Cig

L43(95%C1 1.05-1)




(Jones et al 2004) and in adults with a reative risk of 126(95% C1 1.12-1.42) (Vestergaard, &

Mosekilde 2003)

‘rowth and adult bone mass s n large part, aid down by age 17 (Foley et al 2008). Low sports

k. Small pediatr

(Bradney et al 1998; Eliakim, & Beyth 2003; Fuchs et al 2001; Fuchs, & Snow 2002; Gunter et

12008; He et a1 2000; Matthews et ol 1 20060; McKay et al 2000;

Rautava ctal 008t H -

increased risk of fracture (OR 2.06; 95% CI 1.21-1.76) dspite being associated with higher

0085, fora

traumatic event(Ma, & Jones 2004; Lyons et 1999; Khosla et al 2003, Clark et al 2008b),

palsiv (Barkley 2002; Br 12007; Brudvik, & H
2003; Ma, & Jones 2004; McLoughlin et al 2007; Swensen et al 2004; Uslu, & Ushu 2008; Uslu

etal 2007). Higherisk i ports o lifestyl

sociated wit is 0074; Landin 1983; Landin 1997). Use.

‘muscle integriy that can predispose to injury (Calfee, & Fadale 2006).




Chapter 1:8 i areat
increased risk for fracturos.

i K secondary 1o under-

coordination and fulls, medications of radiotherapy (Henderson, & Hayes 1994; Henderson ctal

2002; Larson, & Henderson 2000; MeDonald et al 2002; Tinkl, & Wenstrup 2005; van Staa ct

a12003; van Staa et al 2004; 002

warfarin and

anti-cpileptic medications (Boot et al 1997; Sheth, & Hermann 2008; Sheth et al 2008; Goulding

2007b; van Staa et al 2003; van Staa et a1 2004). Several single gene disorders with a propensity

o i These include

¢ Imperf $

congentalinsensitv

o pain with anhydrosis (Tinkle, & Wenstrup 2005).

Chapter 1:9

i

ER alpha and ER beta, L

pportunities for pharmacogenomic interventions (Langdahl t al 20006; Thijssen 2006).

associated with low bone mass. The role o the vitamin D eceptor and the vitamin D endocrine

More

1997)




7 involved in 17-alpha-

(Riancho etal 003: Shar
etal 2004; Somner t al 2004; Tofteng et al 2004). The ubiquitous collagen type 1 protein s

preferentially fo

reducton in BMD and significant ncrease in osteoporotic fracture (Nguyen et al 2005; Mann, &

Ralston 2003; Uiterlnden et al 1998).

Chaptor 110 Fracture risk as a complex trait

properties,archiecture of bone o the propensity for an individual o alterthese featuresin

I

possiblyat i fracture. Epigenetic

lifespan.

liabliy o fract rt

genes,

actual fracture outcomes.

Jymorphisms, asmall



(Langdahi et al 2000; Langdahl et al 2000b; Thijssen 2006). Clinicaly,the idenification of

(Seeman 2002). This may

fracure.

activity levels, type of A

K e

high rates of impulsive ~ hyperactive behavioral problems (Uslu, & Uslu 2008; Uslu et al 2007).

(Ma, & Jones 2004). Ce

injuries (Bruce et al 2007), Famili ion of s »

1o therisk of fractures, In addit

but for

complex reasons (Boo et al 1998; Kluge et al 2007). The reltive contributions of genetics, the

,

Chapter 1:11  Family history

‘specific risk factor for fracture

P ies (Zmuda et al 1999)




history of

(Cummings etal 1993; Kanis et al 2004; Nguyen, & Eisman 2000), Kanis' meta-analysis

ich st
(Kanis et l 2004)
queston of |
1 1620
family hist
for 4% ! fractures.
2005)
Ifpresent,

z he etology rant, I a family history of fractures

forchildren. Also, if i denify




s eriteal

familial

resources into investigating the specific genctc varians.

Chapter 112 Proposed research and thesis objectives.

“The primary objectives of the study are a follows:

m

@

@

“To determine if high familial aggregation of fractures exists, by assessing the

prevalence of fractures among first degree elaives of cases and controls,through

fracturerisks within the family.

it

and aciviy levelsin determination of fracture isk.




CHAPTER 2: Materials and Methods



Chapter 2:1 Subject selection
Study Design: Case control study with preliminary background review of

injury database.

Study ildren, 0 1 f: nding the J

Labrador.

‘Study Timeframe: July & August i each year of 2002- 2004,

Inclusion Criteria:

1. Children aged 0~ 16 yrs.

Cases: Clinicaly documented facture.

3. Controls: No current fracture or history of fracture.

Exclusion Criteria:

1 A chronic disease that may predispose to fracture

+ Endcton Hypergpotyrilenlyperatyobin, b pov
me deficiency, ostcoporosis, hypoy

* Gaswointestinal: Cystic fibosi
inflammatory bowel discase

neuromuscular discase.

" i
ransplants, metabolic acidosis.



2. Medications: oral contraceptive, seroids, luoride, phosphates, calcium,
vitamin D.

Chapter 2:2 Sampling methods.
Background Revi

In order o determine feasibility of this study, and in

for

emergency department was done. Injury data,over 10-year period, were obtained from

Canadian Hospitals Injury Reporting and Program

(CHIRPP), Public Health Agency of Canada (2002). Summary statsics were calclated.

Case-Control Study:

Janeway Child Health Center, St John's, Newfoundland and Labrador. The PED has an

1 for St John's.

province of|

P par fract p

ray was asked to parake in the study as a case. All consecutive children with fracures.

1, moderat

o severe by mechanism or outcome.

c

fracture or




matter. Potential i i i f h

assistant, nd
i o

(Appendis. while awaiing

hief compai a o

The case repe

and exercise. Child i The

form
(Appendix B). dical hst

that parents’ racture history,if needed. The identit of the person who filed out the form

« L entered it

assessment of odds rato caleulatons (Fig 3-1).

Measurement tools:

was based large ety of C:



on Nutiton (C (Nationl

2002). wcivity, sk

pi ing, prio to the
study initiation. Content validity was improved based on the reviews of a general

‘ pediatrician,

and two. i pes of validity,

[ such s construct validity, were not mad.

Ethical by

Usiversiy of

John's was granted. Signed informed consent was obtained from al study subjects

i

e

guidelines of the Tri-Council's olicy satement of August 1998 (Canadian Institutes of

Health Rescarch, E Research C f Canada, Social

d i 1998).



al

for the length of i f

Chapter 2:3 Data handling
3fora

least 27% of females

11999).

fractures would have a f i 18 Asa
result N-Query Advisor 4.0 was used 10 compute the sample size using the assumptions.

ofo.

of case. Then the alpha was st at 0,05, and power at $0%.

‘Assuming that ontrols would have a probabiliy of exposure of 0.3 and cases

would

» order

s of 80%. Expecting

h History or

least




Forma for sandard chisre:

T+ 5 p =TI T 77|
| Sl DR

e olowingformul was then sed 1 adjost o coninsty correction:

==

Where shee

e the probailies o type | and I err respecivey

Statistical

M version 9.1
wed - usin

" -squared test. For caeg fihe expected
ell s The Kruskall-

Wallistest was used for ordinal data. Multvariae logisti regression was used (0

i ilty of fractue,

visk atio of racturing were calculated. As this was an exploratory study, no corrections

ign

atthe pvalue <0.05.



probands
from 0.5 The variables

st for




CHAPTER 3: Results



Chapter 3:1 Background chart review

A i wyear period.

fractures. Therefo

34,000 visit, roughly 3 %

emergency department were for fractures.

females. P fingerthumb

17.19%),hand (9.8%) leg (6.7%). The percentage of fractures

reated per month ranged from 6.6% in December to 10.1% in June, July and August.

Chapter 3:2 Case control study
Ofthe P 3 he

questionnaire and 150 (82%) were used in the analysis (Figure 3-1). Fieen

a i the dataincl
key istory o
10 years) and 71
3% of the
control group. ‘aucasian.
ignificantly in age of paren,




closer to

in Table 3-1.

fihe 79 cases,

fracture; 3 3or

more fractures.

B%p

=032),

32.% (p<0.59). Ninety percent of boys and 84% girls sustained thir racture under an

force. No
site in both sexes, for over 47 Fingers and
frequency and i bow, f

hand, knee and skull (Table 3-2),
Environmental factors

for (Table 3-3),
o average actvity, sleep, sunlight, calcium, cola consumption, birth weight or
prematurty boy boys were

girs (1 yrs vs. 9y



(Table 34). None of

independently associated with fracture occurrence.

Family history of fractures (Tables 3-5 - 3-7; Figs 3-2 - 3-4)

(Table 3-5 & Figure 3-2). Thirty- nine percent of the mothers of cases fractured vs. 23 %
of

fracture for that child was 2.2 (95% C1 1.09, 4.52);p-0.036 (Table 3-6) Fity —seven
percent of the fathers of cases fractured vs. 39 % of the athers of controls. Ifa child’s
father had fractured the OR for fracture for that child was 203 (95% C1 1.06, 3.9);

P-0.035 (Table 3-6).

Of the cases, fi

compared to 31 % parents (16 mothers and 28 athers)inthe control group; p=0.007

(Table 3-5). Cs

137,95 % C1 1.00-1.89) (Table 3-7).

“Twenty five percent of th cases group had fracturesin both parents

Ifboth

3703% I

948 p= 0009 per 2 ither par
53 % of the control group. Ifeithe parent had sustained a fracture the OR for fracture for

that child was 2.1 95% CI 1.0, 4.13); p= 0.042. Only 29 % ofthe cascs group had neither



for fracture

fracture (Table 3-6)

(Table 3-5).Fifty

i
sngle frctures. Eighty four pe »
pa 67%ofhe single Js0 of o,
o wrouwp
fathers it
fractues,
mulipe frcture group (629 vs. 42%)
basc proport

fracture burden between groups were calculated (Table 3-7, Figure 3-3). The number of

s 121

= 0.59). However, 32% ofthe siblings in the cases group had experienced fractures

whereas only 15 % of the sblings of the control group had experience factures. Cases.

fiacture (RR 2.0 95% C1 109,
3.68). Again,the toal was
sroup (2% 3.2 15
150:95%




CI1L13,199),

fractures, 13

(Table 3-7; Figure 3-4). Examination of case subgroups (single vs. multipl) did not

reveal any particular trends (Table 3-7).



Chapter 3:3 Tables

Table 3.1 o
Cases
@) {1550 v
Average Age (years) 88 0 005
Male Sex (%) s @ 032
Edhnicity % Caucasian 5 %
werage # sblings 12 13
Average Lifetime Fractures 0 14
Average Mor 366 368
Average Fathers Age 81 395
Table 3:2._C:
Boys  Girb Al
il @49) (=30 @e19)
Upper Limb.
Forearm (Any of Radis Una) 18G7) 1969 3747)
Finger 709 10 810)
Clavicle 61 10) 70)
Elbow (Dial Humers) 6N 20 6®)
Hand 260 00) 20)
Lower Limb
L (Anyof Femur, T, Fiul) 5002 29 1205)
Foot i® 00 4
(T wberle econdry 1
v dioction) 0 o e
Gir
Skall o oo )
Fracture Frequency
One facture anly W) AE) 6006
T facrs 8306 507) 13316)
e f i® 10 5(63)
Mulnpk - 205 600 19(24)
e LANA) 12(NA) 1350V

ed
oo doe ot apy ere.

urden’
mnmm:mmwnm. AT

phasie BT



‘Table 3-3. Risk fuctor comparisons for
Contrals

Coses—paiee
Average Aciviy Goursi@ay) | 96 w0 o
Average Sieep(hoursay) 90 o4 009
Average Sunlight (howrsiveck) | 83 50 oe7
Averge Calium (mglday) 1587 1510
Averge Cola riniday) 04 02
Averge Dinh Weight k) | 35 34
Prematrity (%) | . 15 )
Tablo 34. ¢ boys

Mean Values Boys_Gils_prvalne

“Average Age (ears) 9 oo
Average Activiy (oursiay) a8 o
Avenge Sleep (hoursiay) 02 s1 o
Averge Sunlight (hoursweek) s 5 ok
Avenge Cakium (mgiay) e s ons
Binh Weigh (kg) 35 34 ost
Totl#sblings () nou ;s
Moth w % o
Tablo 35,

: 5 s Mliple ooy

FamiyMembers S Seul )

Mothers 67 @) /66 968 317909
Fathers WY M0E 896 459D
Both Parent Fractured @IE ey 9as 2010
Eiberpuret fractred WIS 4060 161984 567971
Neither puren fracured___ 3371(46) _ 2060G3)__319(16) _ 237929)




Table 36.

of fracture

Irmother aer 0000 S racither parent
Fracured Fracured Pt Fracured
SRt 22 am a1 2 0s
95%CI (109452 10639 L1498 108413 02409
pule | 006 0035 0009 oon o2
Table 3. fisdegree
%)
ey [OKO
TouSen | S0 150G 110) 1651 01) P 0ESTD
ToalBters | 74500 007G 3@ 172G 52082409
Taisiiog | w705 2700 32601) A0 PRGBS
Toslps | 4414200 71208 1938 G0) 76058 () [T 0018
Totfdsns sz syimcy 28 09201 0L
Al isedegree

members fractured

I7108)

BEO(3) 21901 107903 | NA

o
*Risk Raflo for Controls v, Cases were calculted



Chapter 3:4 Figuros.

Fractur

Figure 3-1.

Overview of enrollment, methods and resuls.



Mother Father  Both Parents Ether Parent Nelher Parent

Figure 3.2. Proportion of parents with fractures for cases vs. controls. The p v




s =t Pr—

ol s

FirstDegree siers Brothers
Relatves

Figure 3.3,

controls. Thepraueis




= Families n whom all
w0
Members had Fracture

35 GArLeast One Family Mer

%

.

Control

Single Fracture

Multpe Fracture

Figure 3-4.
members with fractures)







Ghapter 4:1

P - The

currently is limited by i four general 10

[ hild for
A hospitals,this data will

™ il
pedirc factresexist (Cheng, & Shen 1993 Cooper et a 2004 ones et 2002
Khosla et l 2003; Landin 1997; Lyons et al 1999) North American stdies more

een ound

Baseline characterisics such as age, ethicity and parental age were similar

m

.53 ificant Boys had a

sightly high (4w

d b

enificant. ported (Cheng.

& Shen 1993; Hagino et al 2000; Hedlund, & Lindgren 1986; Landin 1983; Landin

1997),

sk taking behaviors.



A pattern of boys and girls. Asin

fornearly halfof all

o here (63% of girls; 37 % of

from larger studies (Brudvik, & Hove 2003; Jones et al 2002; Landin 1983; Landin
1997; Lyons et al 1999; Lyons et al 2000). The second most common fracture location,
the leg, was also found more frequently in girls (23% vs. 10%). The majoriy of other
fracture types were found in boys.
Chapter 4:2 A tamly history of racures amongst arents is an important
‘and useful risk factor for childhood frac
This isthe irst study that reports odds ratios of fractue rsk in children based o

parental history of racture. Inthis study,the trongestrisk for fracture in  child (nearly

43 s present when bt pr L(OR 37, 0009, Icitherp
frctured, heisk offracure for o child s doubled (OR 2.1, p = 0.042) A child whose
parents e fscturefr hs  decreasd isk o fracture (OR 0.3p-0.042), Cildren who
Have factured v a 14 times grete sk of avinga parent who has frscured than

ehildren who are fracture fre.

To date, only one other study of childhood fractures reports a family history of

of d that fractures

for 44% of ¢ fractures

112005).In aduls, Kanis'

history of of



for some

fracture types (Kanis et al 2004)

Chapter 4:3  Sibling history may be a risk factor for childhood fracture

this isk factor is g

note,
fracures i 24%) Risk.

fracture and 1.5 times as likely o have a firt degree relative with a fracture.

Further tof jects, only 13

whorm had sustained factures. Ten (77 %) of these were found in the cases group and

only eoup,

regarding first-degee relative fracture burden are demonstated.

fractures, is

typically evaluated in famly studies by examining the proportion of reatives of the
proband who also have the trait and comparing it with the proportion of relatives of

it The risk ratio




the effect. P |

par

developa fracture. The relative risk in iblings, which i the traditional measure used to

common,
ot rather is
almitation of tis method o failial aggregaton.
& Classic twin
3
Fora genctic
a uh 2 twins
“The deal
birth
diffcul
Chapter 4:
domonstrated in this study
Inthisstudy, the onlyrisk
pe i ther calcium,
milk
¢ sudy. A i Tow milk inake s



associated with

as be ies. Alcohol

was denied by our population. Mulivitamin was not an exclusion criteion but

ul ‘medications?”

not find

may

el

Many other risk fators that were not assessed in this study may wel be elevant |

fract

Furth level and

as urban v, rural

fracture.

z

roups. OF it s ifficult or mp
possible ik factors o any given entty and resuls should always be nterpreted with an

understanding of this imitation.



Chapter 4:5 Multiple fractures, previous fractures and early age of fracture
‘may be risk factors for fracture

39% of child
proportion of boys noted,
parents (33% of

forupto

0% i 12% of adol
“The results of
show that f all fractures.
I proport

differ from other children.

fracture for

ftue fractures (Cuddiby et al 1999; Eastell 1996). This has also been demonstaated in

pediatries with 1.90 (5% €1 1.50-2
fracture and 3.04 (95% CI 223 4.15) aferthe second fracture. (Goulding et al 2005;
Goulding et al 2000). Pedisirc studis have also observed that fractures tend to occur

carlir in e for those who later sufferrepeat fractures (Goulding et al 2005; Yeh et al



2006). The carly appearance of | in the context o

background of - genetc suscepibi

ty to fracture although environmental influences may

also have a large influence.

Chapter 4:6 Several biases may have influenced the validity of the results

oy ih

Tt may resul

between family history and risk of fracture, However, reporting bias in which subjects

ith remenbera
hose who d
ol he The
family
Hisory s cole

records for the family members may have helped to verify memory of events. This was
ot done s it was logistcaly diffcult and expensive and may have been limited for

cltives inct care in other re

accessed.

could be casier to achieve, should a similar sudy be repeated.

Atimedag.

considered

8years), (p= 005).




o quantiy.

lack

achieved. The physical bias

however this information was recorded similarly across groups.

‘ removed. Physical parameters such as BMI and skin fold tickness would have helped to

their ED visit, from the

i i However,

ly illegil i ils of amily




(Finch 2010),

the extent o the gaps This
resuled inalos of poy y
b
fracures orasronger or weaker asociation,remin.
« hospial,
.
ty
However,
fami fracure has
Chapter 4:7 Family history and risk of futuro fracturo
I
fractures as

10 31% of controls, p=0.007.

following secondary results:

controls (15%), p = 0.026.

Relative risk ratio for siblings among cases i also higher (329%) than in

‘compared o controls (8%) (OR 3.7, p=0.009)




* Relai total
in cases (42%) vs. controls (24%), p = 0.005.

g (as defin

(58% of mothers) of multiple fracture cases compared to 67% of parents
(3% of mathers)of single fracture cases
Chapter 4:8 Clinical applications.
If confirmed

factor for

i thus may be of

ports intenance of healihy i

bone

lizat lifestyl

foundation forthe bone health ofchildren.



Chapter 4:9. Future research

ly g
i
Idealy,a larger case control
@
"
amechanism to
\ i
\
\
; Furh
\
dditionall er
and the risk s on amily istory,

srength of associations of variable physial sits.
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Principal Invesigaor: Dr Sarah Curtis
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Demographic Data Postal Code of Origin_

Community of Origin

Religion (parent) __ Father __ Mother
1) Catholic ) Anglicsn 3 United ) Salvation Army ) Otbers
Datcofbirty __ Sex Male_  Female_
Ethale Group.
other.
Fusther

Deails
1 Coaian (s EnlisSonishFreac) Yourselr.
2 Native Am Fater
Sindian () Mother
4. Black e —
5. Orientl PGM
6 Unknown, e —

MGM

7.Other
FOEMGE - e e
FOMMGE- poat sl s

Do you have any of the folowing conditions? (Please ircle)

Hypertyridin

Cvmwvh omane ey
ot
Asthma
Liver discase,celne disease, Inflammtory Bowel Discase
Sina it
Epilepsy
@
Neuromuscular discase

Yes__No_




Appendixs
b Chthond e s et Co ool e For

Do you have any other medicalllness?  Yes_ No__

Are you aking any medications? Yes__ o,

ave you taken i the past?

What was your gestational age a birth? Wis

What was your birth weight

e —
Iyes

Have you started your periods?

‘What age were you when you had your frst period?

Yt cprsns v o ! B o wre ot
Quenstn,

pe
Operaion

130, how many times? For how long?
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Exercise  (please st A1l regular physical activities)(include brisk walking....)

Hours / week.
Hours / week.
Hours / week.
Hours/
Hours / week.
Actvity /
Acivity Hours / week.
Actvity Hours / week.
school, TV, meas)
How many hours  day do you sleep?
Do you smoke’ oigarenesiday_____
o cxpoed 1 the obscco ke ofoter? o by years
Do you consume sicobol? Yes__ No__
I yes, how much? (dinks/week)
Sunlight

How often do you expose your body to direct sunlight? (circle)

Never body pars. 5
body pars.

Seldom
Regularly

e —
body pars.

Do you use  sunscreen product when indirectsunlght? (crle)

Never body pars.
Seldom y parts.
Regulaly body pars.
Ofen body,
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Diet
How often do you eat the ollowing?

~Servin

Food Never
Coffes Caffinated (1 cup)
)

Tofu
Muivitamin, vitD orcod iver ol
“TUMS" o clcium supplements
Milk to drink incl chocolae milk
Milk on cereal

Millersam n tes cof
il drs oo e pding

—
T
Soups made with milk

Circumstances Surrounding this Fracture

ngs
Year | Month | Week | Day

2 i
Did you twist the b involved?

e bike,board, wall ®
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Family History
How many sisers do you have?

How many ofyour sistes have hada ractre() i the past?

How many fractures has cachsiste had?

How many brothers do you have? __
How many of your broshers have hada ractur(s) n the past?

How many fractres has cach brother had?

i
270 ) (ag of brthee now)
3.7 rcturs)  —(age of brothernow)
47 (v fnctures)  (age ofbrother now)
5.0 fncturs) (o of brthce bow)
67 rctures) (age of brthernow)

What age s your mother? ___yrs Wof factures

What age s your ather? 1y ol fracures

(o sisers)

__(Fofbrothers)

on)
condition)
jon)

(medi
(medical condition)

(medical conditon)

T (medicalconditon)

“Thatends the questonnir,
“Thank you for particpating.
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Parental Report Form

Principal Investigaor: D Sarah Curts

Confirmation

'
Kanowledge

| e

Datcof signature __
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Postal Code of Origin

Commnity of Origin

Religion (parents) __Father __ Mother
1)Catholic  2) Anglican 3) United4) Salvation Ay 5) Others
Dateofbirth __ Sex Male_  Female_
Ethnic Group
other,
Further

Deails
1 Concsn I EnglScnishFch) Youself_

Father
n..u. Mother

e —
5 Onenl paM
6. Unknown MGF
7.Other MaM

Deyobaroan of e e cmim?
Hypert

Nywmymm-m
i

e R—
micopaross

Cyatic Fiwois

Ashma

Liverdiscae

Caln disse,

Inflmmatory Bowe Discase

Spin Bifida

Epilepy

cr
Newromusculardiscase
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Yes__No Iyes please specy.

Do you have any other medicalllaess?  Yes_ No

Are you taking any medications? Yes__ No__

Ifyes plesse
specy,

Do you smoke? Yes No,

you consume alcobol? Yes__ No
Fythow ! (dinks/weck)
How many fractures have you had? factures.

Marital Status

Single__ Married__ Widow_

Divoreed Separated_ CommenLaw_

Education

<Grade§__ GradeS__ MighSchool__  College__ University__

Employment Status

Employed___ Homemaker

Student_Disabled__ Retired_

Houschold Income Level

<I2000__ 1200030000 3000060000 _ 60000,
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Family History
NN
How minof your s e b in b pt? (4ol )
How many fractures has each siste had? factures) _(age ofsstr now)
ety oo st 2w
(ol fractures)  _(age ofsiser now)
ot tacurm) g of e ow)
(#of fractures)  _(age of sister
ety ot ot s oy

bt ey

What age s your mother? __yrs Hof facturss

LLLLL

What age is your father? s #of fractures

“Thatends the questonnair,
Thank-you for partciptin.

(3 of brothe now)
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FORCE OF FRACTURE SCALE

Generally forces incurred by th injured individual

£
i
£28
iz
i
H

Tripping when walking /running

2. MODERATE:
Generally sporting related njuries
Falls 1-3 meters
Medium velocity
apors
aung

Gymi
Rnllarbhdm(

* Stboarting

3. SEVERE:

+ Highvelocity
+ Motor vehicl accident

+ Car-pedestrian

+ Falls greater than 3 meters
+ Windows /roofs

+ Falls from horses
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